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摘 要 
我国是世界上肝癌最高发的国家之一，由于其较高的发病率和致死率，严重
威胁人民的健康，但目前大多数肝癌患者仍难以获得早期诊断及有效的治疗。细
胞周期蛋白依赖性激酶 5 (cyclin-dependent kinase 5，CDK5)是周期素依赖蛋白激
酶家族的特殊成员，近年来发现其在肿瘤发生发展中起着关键的作用。CDK5 通
过与激活因子 p35 或 p39 结合后活化并磷酸化一系列下游分子，参与肿瘤细胞增
殖、迁移、粘附、凋亡、细胞周期调控等。但 CDK5 对肝癌细胞功能的影响及
其在肝癌中的调控机制还不清楚。本课题首先发现 CDK5 在大量的肝癌样本中
的表达显著升高，生存分析显示 CDK5 的表达水平与手术后生存率相关。进一
步在细胞水平研究发现，CDK5 可促进细胞的增殖。而 CDK5 激酶抑制剂
roscivitine 则抑制细胞增殖，表明其促进细胞增殖的作用依赖于其激酶活性。裸
鼠皮下成瘤实验证实 CDK5 对细胞成瘤有促进作用。我们同时在 CDK5 杂合敲
除的转基因小鼠上使用 DEN 诱导建立肝癌模型，观察发现 CDK5 杂合敲除小鼠
成瘤的肿瘤大小、数量及成瘤率均显著小于野生型。 
他莫昔芬是最新报道的 CDK5 激酶抑制剂，本课题研究显示他莫昔芬对肝
癌的增殖有明显抑制作用，且这种作用依赖于 CDK5。我们同时发现，CDK5 可
以磷酸化重要的肿瘤发生促进蛋白 TPX2，CDK5 通过磷酸化 TPX2 促进其蛋白
质稳定并参与肿瘤迁移过程。 
总之，我们在组织、细胞及动物水平阐述了 CDK5 在肝癌发生发展中的促
进作用，这种作用依赖于其激酶活性，同时筛选出了 CDK5 作用的下游底物
TPX2，为把 CDK5 及其下游信号通路作为肝癌的治疗靶点奠定了理论基础，同
时也为 tamoxifen 与 CDK5 表达相结合从而治疗肝癌提供了实验依据。 
关键词：肝细胞癌 CDK5 他莫昔芬 TPX2 
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Abstract 
Hepatocellular carcinoma(HCC) is one of the most common prevalent cancer 
worldwide, especially in China. Due to the higher incidence and lethality, it has 
become one of the main diseases threatening people's health seriously. However, the 
early diagnosis and effective therapy is not satisfaction in a majority of patients with 
HCC. So it is important to improve our understanding of its molecular pathogenesis 
and identification of novel targets for advanced stage HCC.  
Cyclin-dependent kinase 5(CDK5) is a unique member of Cyclin-dependent 
kinase family. For the past few years, it has been reported that CDK5 played a key 
role in  tumorigenesis and progression. Through binding of the non-cyclin activators 
p35 or p39，Cdk5 is active and phosphorylates a series of substrates, which participate 
in cell proliferation, migration, adhesion, apoptosis and cell cycle control of tumor. 
While, little is known about the effect of CDK5 in HCC cell function and its 
mechanism is still unclear to date. We found that the expression of CDK5 was 
significantly increased in HCC tissues corresponding to adjacent non-tumor tissues, 
and the up-regulation expression of CDK5 was correlated with decreased survival rate 
of patients. We also found that CDK5 promoted cell proliferation in HCC, and its 
inhibitor roscovitine can reduce tumor cell growth, This data demonstrated that CDK5 
promotes HCC cell growth relying on its kinase activity. On the other hand, CDK5 is 
related to HCC xenograft tumor proliferation in nude mouse model. By using CDK5 
heterozygous (cdk5+/-) transgenic mice with DEN induced tumor model, we found 
that partially loss of CDK5 significantly decrease tumor incidence, tumor number and 
size compared with wild-type mice(cdk5+/+). 
Tamoxifen, which is a non-steroidal anti-estrogen drug used in breast cancer, has 
been reported as a new inhibitor of CDK5 kinase activity by abolishing the interaction 
between CDK5 with P35. We found tamoxifen treatment dramatically suppress cell 
proliferation through inhibiting CDK5 activity. We previously screened CDK5 
substrated by stable isotope labeling by amino acids in cell culture(SILAC) technique, 
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and identified TPX2, which is a molecule critical for mitosis and spindle assembly, as 
a target of CDK5 in HCC. CDK5 phosphorylates TPX2 in Ser486 which contributes 
to its’ higher protein stability. We also found that TPX2 was upregulated in HCC 
tumor tissues along with increased CDK5 levels. Silence of TPX2 significantly 
abolished the HCC cell migration induced by CDK5 which suggested that, CDK5 
promoting HCC cell migration depended on TPX2. 
In a word, at the cell level, tissue level and animal level, our study first 
comprehensively demonstrated the function and underlying mechanism of active 
CDK5 in tumorigenesis and development of HCC. The kinase activity of CDK5 is 
necessary for tumor progression and migration dependent on its substrate TPX2. Our 
findings pave the way for searching potential pharmacological targets of CDK5 and 
its substrates in HCC therapy. In addition, a therapeutic value of tamoxifen was also 
presented in our study by regulating CDK5.   
Key word: Hepatocellular carcinoma; CDK5;Tamoxifen;TPX2 
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1 
第一章 绪论 
1.1 肝癌研究现状 
1.1.1 概述 
肝细胞癌（hepatocellular carcinoma，HCC）是全球最常见的恶性肿瘤之一，
发病率居恶性肿瘤的第 6 位，死亡率占全部恶性肿瘤的第 3 位，我国占第 2 位。
资料显示，仅亚太地区每年就有超过 50 万新发病例。大部分肝癌都是在慢性肝
脏疾病或肝硬化的基础上发生的（70-90%）。东亚和非洲南部是肝癌的高发区域，
主要源自乙型肝炎病毒和黄曲霉素感染。而在北美、欧洲和日本，丙型肝炎和饮
酒是引起肝癌的主要原因[1]。随着病毒性肝炎以及酒精肝、脂肪肝等慢性肝病的
发病率不断升高，原发性肝癌的发病率也在逐年上升。全球的肝癌患者中约 60%
发生于中国，主要集中在东南沿海地区，因此我国的肝癌诊治形势十分严峻。 
肝癌的发生是一个十分复杂的病理生理过程，目前认为乙肝病毒感染
（HBV）是引起肝癌的主要危险因素，另外，丙型肝炎（HCV）、酒精肝、非酒
精性脂肪肝、肥胖、糖尿病、抽烟、家族遗传等都被认为是肝癌的危险因素。在
一项前瞻性的研究中发现，乙肝病毒携带者患肝癌的相对危险度是非携带者的
100 倍[2]，而慢性 HBV 感染占所有 HCC 危险因素的 50%以上。HCV 是发生肝癌
的第二大常见病因，占所有 HCC 患者的 20%[3]。丙型肝炎肝硬化发生 HCC 的风
险是非感染者的 20 至 200 倍，其 HCC 的年发生率范围在 1.3%到 5%左右。肝硬
化是 HCC 的重要风险因素，除慢性乙肝外，HCC 几乎均从肝硬化的基础上发展
而来。除了这些病毒感染原因之外，酒精也是 HCC 发生的危险因素之一，尤其
是大量摄取酒精的情况下。有证据证明在大量饮酒和乙肝或丙肝协同作用下，
HCC 的发病风险明显增加。有学者在大量的临床试验中发现，HCC 的发病风险
与大量酒精摄入呈线性相关，而在合并丙肝的条件下，HCC 的发病风险则成倍
增加[4]。黄曲霉素也是肝癌的重要致癌因素。在黄曲霉素流行区域收集的肝癌样
本中，有 30-60%可检测到黄曲霉素引起的抑癌基因 p53 在 Serin249 位点的突变，
并且黄曲霉素流行区域同样有较高的乙肝感染率[5]。近年来，肥胖、非酒精性脂
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